A polymerase chain reaction (PCR) assay for the rapid detection of Mycobacterium tuberculosis in sputum samples was studied. The target DNAwas a 123-base pair (bp) fragment ofIS6110, which was repeated in the M.tuberculosis genomeand was specific for the M.tuberculosis complex. Glass beads (2mmdiameter) and lysozyme were used to lyse the mycobacteria and DNAwas extracted by the phenol-extraction method. The amplified PCRproduct was detected by examination of ethidium-bromide-stained agarose gel and by hybridization with an oligonucleotide alkaliphosphatase-labeled probe. A total of70 samples were tested. PCRwas positive in all 13 smear and culture-positive samples, in 5 of8 smear-negative and culture-positive samples, and in 1 of49 smear and culture negative samples. The overall sensitivity and specificity were 85.7% and 98%, respectively. Thus, IS6110 as a PCRtarget was found to be very useful for the rapid diagnosis of M.tuberculosis infection and start of anti-tuberculous chemotherapy. (Internal Medicine 34: 605-610, 1995) 
Introduction
Tuberculosis is once again a disease of increasing importance. Detection of Mycobacterium tuberculosis in clinical specimens is required for the definitive diagnosis of tuberculosis. Microscopic examination requires a relatively large number of bacteria in specimens. Culture confirmation is a sensitive method to detect mycobacteria, however, a period of 4 to 8 weeks is necessary and another 2 to 4 weeks is needed for the final identification of the species by biochemical methods. Therefore, the polymerase chain reaction (PCR) has recently been widely utilized for the detection of M.tuberculosis in clinical samples due to its rapidity and specificity. Manyprimers which amplify the specific DNAsequences of M.tuberculosis have been designed and successfully used for the identification of this microorganism (1) (2) (3) (4) (5) (6) (7) . The sensitivity and specificity of the PCR compared with those of culture methods has been reported to be from 70 to 100% (6) (7) (8) . It has been suggested that systems that amplify targets present in multiple copies in the mycobacterial genomecould be more sensitive than those that amplify targets present in a single copy (9) . The insertion sequence IS61 10 is reported to be present multiple times in M.tuberculosis chromosomes (10) and to be specific forM.tuberculosis complex (1 1). We evaluated a PCR assay which amplifies a specific sequence within IS61 10 for its usefulness to detect M.tuberculosis in sputum samples, and compared it to the results of conventional culture on Ogawaegg medium.
Materials and Methods

Primers and probes
The primers used for the amplification were originally designed by Eisenach et al from sequences which are repeated 10 to 16 times in the chromosome ofM.tuberculosis (12). The sequences of the primers, which amplify a 123-bp fragment of IS6110 were 5'-CCTGCGAGCGTAGGCGTCGG-3' and 5'-CTCGTCCAGCGCCGCTTCGG-3'.
And the sequence of oligonucleotide which was used as a probe to identify the amplified DNA in hybridization experiments was 5'-TAGCAGACCTCACCTATGTGTCGAC-3 '.
DNAextraction from mycobacterial strain and ciinicai specimens The mycobacterial strains that were used are listed in Table  1 . The strains were cultured on 1 %Ogawaegg mediumat 37°C. To obtain samples containing a knownnumberof viable bacteria, these strains were then cultured in Dubos Tweenalbumin for 15 minutes at 50°C. After hybridization, the membranewas washed at 50°C in 2 x SSC-1% sodium dodecyl sulfate for 10 minutes and atroom temperature in 1 x SSC-0.5% Triton X-100 for 10 minutes. To capture the APactivity, the membranewas incubated in a solution ofnitroblue tetrazolium chloride substrate, 5-bromo-4-chloro-3-indolyl-phosphate substrate, and AP substrate buffer. After incubation, the hybridization spots on the membranewere observed to detect the presence (positive) or the absence (negative) of a clearly discernible blue or purple color.
Clinical samples All sputum samples were obtained from patients in the hospital of the Chest Disease Research Institute. Table 2 , lists the final diagnoses. Each sample was divided into two fractions; one was inoculated onto Ogawaegg mediumwith routine procedures, and the other was treated with an equal volume of Sputazyme (Kobayashi Pharmaceutical Co.) for 1 5 minutes at 37°C. After extracted and precipitated by the previously described method, the DNAwas resuspended in 50 |Ltl of distilled water and 5 |il of the solution was used for the PCR. All samples were analyzed in duplicate.
Results
Sensitivity of the PCR The sensitivity of the PCRwith the primer for IS61 10 was determined by adding various amounts of M.tuberculosis (H37Rv) DNAto the reaction vials. The DNAconcentration was calculated by using a spectrophotometer ( 1 optical density at 260 nm as 50 |LLg/ml). Ten femtogram of the DNAcould be amplified sufficiently and reproducibly to give a clearly detectable band in an agarose gel (Fig. 1) . The result of the agarose gel electrophoresis was confirmed by dot blot hybridization with the AP-labeled oligonucleotide probe. The detection limit of the DNAby the dot blot hybridization was also found to be 10 femtogram (Fig. 2) .
Specificity of the PCR DNAswere extracted and purified from 14 mycobacterial species. One nanogramof the purified DNAwas used as a target for the PCR. Amplification of the 123-bp fragment was achieved only when DNAfrom M.tuberculosis or M.Bovis was used. No amplification was observed from DNAof other species of mycobacteria (Fig. 3) . The results of the agarose gel electrophoresis were confirmed by dot blot hybridization by using the AP-labeled oligonucleotide probe (Fig. 4) . The results were also confirmed by Southern-blot hybridization method (data not shown).
Detection of M.tuberculosis after addition to non-tuberculous sputum Before this method was applied to clinical samples, we examined the sensitivity to detect the bacteria after addition to non-tuberculous sputum. Weobtained purulent sputa which contained Pseudomonasaeruginosa from a non-tuberculous bronchiectasis patient. Wemixed various cfu ofM.tuberculosis H37Rvstrain with this sputum and attempted to amplify the DNAof the strain by the PCR method to determine the detection limit in this sputum condition. In 1 ml of this sputum, 1,000 cfu of the strain was detected, however 100 cfu was undetectable under similar conditions. Therefore, 1 ,000 cfu was determined derived from a patient (No. 4) whohad culture-positive pulmonary tuberculosis and had received anti-tuberculosis drugs for 3 months before sampling. Onepatient (No. 6) was diagnosed as pulmonary tuberculosis because his previous sample was culture positive for M.tuberculosis.
as the approximate detection limit in the purulent sputum condition.
Detection of M.tuberculosis in clinical specimens
A total of 70 samples from 46 patients were tested by PCR (Table 2 ). Samples were considered positive when the 123-bp fragment was detected in both the agarose gel and dot blot hybridization test.
PCRwas positive in all 13 smear and culture positive samples, in 5 of 8 smear-negative and culture-positive samples, and in only one of 49 smear and culture negative samples. Therefore, the overall sensitivity and specificity were calculated to be 85.7 and 98%, respectively, based on the culture confirmation (Table 3) . Detailed data of 33 samples of 21 tuberculosis patients are shownin Table 4 . One patient whowas diagnosed as pulmonary tuberculosis because his previous sample was culture positive for M.tuberculosis was included in the pulmonary tuberculosis patients.
Forty-eight smear, culture, and PCRnegative samples were derived from all 25 non-tuberculous patients and 6 patients who were diagnosed as pulmonary tuberculosis based on the clinical considerations on admission. Three culture-positive and PCRnegative samples were derived from 3 patients whowere all diagnosed as pulmonary tuberculosis based on the clinical considerations on admission. Culture results of the 3 samples were 15, 15, and 7 colonies. One culture-negative and PCRpositive sample was derived from a patient who had culturepositive pulmonary tuberculosis and had received anti-tuberculosis drugs for 3 months before sampling.
Discussion
The potential usefulness of the PCRamplifying IS61 10 for rapid diagnosis of pulmonary tuberculosis was investigated.
Wethought that the repetitive nature of the target sequence in the M.tuberculosis chromosomemight contribute to the high sensitivity and stability of the assay.
Detection of M.tuberculosis by PCR
One mycobacterium contains approximately 5 fg of DNA and the lower limit of this PCRstudy was 10 fg of the purified DNA. Therefore, theoretically it is possible to detect 2 mycobacteria in a sample. However,in the case of sputumcontaining knowncfu of M.tuberculosis bacilli, the detection limit was found to be 1,000 cfu in 1 ml of sputum. Thus, the sensitivity of the detection in the sputum preparation was muchlower than the pure DNA.Wethought that this might be due to loss of the DNAand contamination with Taq polymerase inhibitor such as phenol during the extraction and the purification steps. In addition, incompleteness of the bacterial lysis during the sample processing could have a significant effect on the lower sensitivity. In fact, a variety of sample preparation methods have been proposed for PCR assays for mycobacteria (14, 15). In the comparison of several procedures, we obtained the best results by the glass beads method (data not shown). However, the preparation methodshould be further studied in order to obtain better sensitivity. Theoretically, the sensitivity might be enhanced by increasing the number of cycles. Thus, we performed the PCRin 40 cycles, but, the sensitivity was no better than that obtained in 30 cycles. Therefore, the numberof cycles was not changed. Other methods that enhance the sensitivity of detection, such as the use of isotopically labeled probes, or reamplification negative samples with nested primers were not employedbecause such approaches are expensive and are not technically appealing to clinical laboratories.
Clarridge et al have already reported the PCRmethod for rapid detection of M.tuberculosis in clinical samples with the same target of the present study ( 1 6) . Their data showed that the overall sensitivity and specificity were 83.5 and 99%, respectively. The present result that showed nearly the same sensitivity of the PCRas the ordinary culture method (Ogawa egg medium)was consistent with their report. In contrast, some reports (1, 4) showed the PCR sensitivity to be higher than the culture method. In the case of culture-negative and PCRpositive samples, it is sometimes difficult to differentiate true tuberculosis from contamination and/or non-viable bacilli without meticulous clinical evaluation. Wehad 3 culture-positive and PCR-negative samples. Although the culture results of the 3 samples had a relatively low number of colonies (15,15 and 7 colonies), we could detect the bacteria by PCRfrom samples with lower culture results (the lowest culture result of a PCRpositive sample was only 3 colonies). The differing degree of sensitivity might be related to the number of copies of IS6110 in the chromosomeof each strain; the number of copies of this insertion sequence can vary from 10to 16 (10). One culture-negative and PCR-positive sample was derived from a patient who had culture-positive pulmonary tuberculosis and had received the treatment for 3 months before sampling. It has been reported that sputumsamples can remain PCRpositive for several weeksafter initiation of effective treatment because even nonviable organisms can be detected by PCR (13) . Other culture-negative samples, which included those from patients who had non-tuberculous mycobacterial infection, were all PCR-negative.
The major problem with PCRmethods has been reported to be contamination caused by amplicons, which give a falsepositive result. To prevent this carryover, weseparated physi- Japan ( 1 9) , it is important to rapidly differentiate M. tuberculosis from non-tuberculous mycobacteria in the case of smearpositive samples, which can be done by the PCR within 1 day.
Because the PCRmethod can sometimes show false-negative results, intensive clinical evaluation is still the most important for diagnosis of pulmonary tuberculosis. In addition to the PCR, culture method is also necessary to detect quantitative information and drug resistance.
